Introduction

General setting
In the Oligocene, the Africa-Arabia plate broke up separating Arabia and Sinai as individual plate and sub-plate. Since then, the Arabian plate moves northward along the Jordan -Dead Sea Transform (JDST) fault more rapidly than the Sinai sub-plate. This left-lateral strike slip movement ( Figure 1 ) had displaced Early Miocene dykes across the fault zone up to 100 km (Quennell, 1958; Freund et al., 1970; Garfunkel et al., 1981) and had resulted in the development of rhomb-shaped grabens such as the Dead Sea pull-apart basin along the main fault (Figure 1, inset) . The Dead Sea Basin is the largest pull-apart along the JDST fault. It is about 150 km x 15 km. Repeated structural subsidence resulted in the accumulation of sedimentary rocks as much as 10 km thick (Garfunkel and Ben Avraham, 1996) . Inside the basin, two sets of faults, both oriented roughly N-S, can be recognized (Figure 1, inset) . The first set is the extension of the northern and southern segments of the JDST fault, forming the pull-apart basin (Ben Avraham, 1997; Garfunkel, 1997) . These faults are accommodating most of the horizontal motion of the JDST fault. The second set is constituted by the transverse faults, oriented NNW-SSE, that cross obliquely the basin at interval of 20-30 km. Between these faults, the basin infill is slightly back-tilted toward the south with no large deformations (Gardosh et al., 1997; Ben Avraham, 1997; Al Zoubi and ten Brink, 2001) . Strong deformations are known only near the diapirs formed by the salt of the Sedom Formation (2 km thick). The Sedom formation formed from the late Miocene to the Pliocene (5.3 -2.5 Ma). It is composed of 75% rocksalt which arrived via marine ingression from the Mediterranean and Red Seas. This flooding has ceased, however, with a rise of intrusive rock in the Araba and Jezreel valleys ( Figure 1 ). The rocksalt is interbeded with anhydrite and gypsum, reddish dolomite, silt, sand and clay. Since the early Miocene, the center of sedimentary deposition existed where the Lisan area (Figure 1 , inset) is currently located. During the Pliocene excessive accumulation of sediment caused a diapiric upward movement of accumulated lower-density sediment to begin, thus forming several salt domes structures. Among these diapirs, the one located under the Lisan area is the largest (Figure 1 , inset; Figure 2 ) and constitutes the element under investigation. Fig. 1 . The area of interest in its global setting. The shaded relief image (Space Radar Topography Mission, Feb. 2000) focuses on the Jordan -Dead Sea transform fault zone. Inset shows the main tectonic elements of the Dead Sea pull-apart basin (after Ben Avraham, 1997; Ben Avraham and Lazar, 2006) . The focal mechanisms associated with the earthquake of April 23, 1979 (Arieh et al., 1982) is representative of all focal mechanisms calculated on a fault plane compatible with the general direction of the Jordan -Dead Sea Transform. Bender, 1967, and Abu-Ajamieh, 1987) . The radial network of ephemeral streams emphasizes the location of maximum thrust (see elevation point -317m, top of the Lisan). Upper right inset displays the major faulted zones and discontinuities as well as the upthrown and downthrown fault blocks in the Dead Sea southern basin (based on Ben Avraham 1997, Ben Avraham and Lazar, 2006) . Coordinate are expressed in UTM km, 36, WGS84.
They are thus susceptible for dissolution and compaction. The Lisan tectonic block (Figure 2 , inset) gathers the highest concentration of sinkholes and subsidence in the whole Dead Sea area (Closson et al., 2009a) . Along the eastern side, Sunna (1986) and Bartov et al. (2006) have interpreted the fault network ( Figure 4 , from 737-3456 to 737-3470), as one of the strike-slip faults that bound the Dead Sea pull-apart structure. Sub-parallel normal faults trending N-S have formed a 50 m stepped escarpment toward the flat Ghor Al Haditha -Mazra'a graben. This fault zone displaces post-Lisan (<15kyr) deposits. Its northern part is manifested by normal faults dipping to the east (Figure 3) , while its southern segment shows smaller displacements with extensive folding. Fig. 3 . Vestiges of a fault plane preserved in an alignment of triangular facets. The fault scarp had been produced by active normal faulting along the eastern margin of the former Lisan peninsula. Repeated faulting has produced a rock cliff tens of meters high. Erosion modified the fault scarp but, because the fault plane extends hundreds of meters down into the bedrock, its effects on erosional landforms persisted for several thousand years.
Folds in the Lisan formation delineate the structures of some sub-domes (e.g. Figure 4 , lineaments at 734-3460 and at 736-3457) and indicate that it is still rising. Sunna (1986) and Bartov et al. (2006) studied the overall peninsula at the exception of the emerged lands (between the elevations of -395 m and -422 m, see Figure 4 ). This surface had been investigated more recently, mainly by using remote sensing techniques (Closson, 2005a (Closson, , 2005b Closson et al., 2007) . Figure 4 shows a major elongated dome with smaller sub-domes located at its southern edge. The structural high of the center of the main dome is located at coordinates lineaments) . Localized joints radiating from this center are found in many places. They are the consequences of the flexure of the dome structure. In the vicinity, the folds have a wavelength of 50-100 m and their amplitude is 10-20 m (734-3462) . The folding postdates the base of Upper Member of the Lisan formation. (~32 kyr) and was active during the deposition of the Upper Member (32-15 kyr) due to thickness variation near the folds (Bartov et al., 2006) . Southward, the major southern dome (Figure 4 , lineaments at 736-3458) has a structural peak of -323 m, it is about 3 km long and 2 km wide with an axis orienting at N45E. The dome is flanked by minor folds dipping 3°-10° with a wavelength of about 100 m. A few hundred meters southeastward, another dome has a peak of -340 m (Figure 4 , faults at 738-3457). It is 3 km long and 1.5 km wide with an axis oriented at N30E. It is characterized by secondary folds crossing the structure and trending 90E-100E with flank dipping up to 40°. A depression separates these two very different structural domains and supports the location of a major fault zone in between. In this area one fault expose strikes N23E and displaced the top of the Lisan formation (738-3458). Sunna, 1986; Closson et al., 2003a; Closson et al, 2003b; Closson et al., 2005; Closson, 2005a, b; Diabat, 2005 , Bartov et al., 2006 , Closson et al, 2007 Closson & Abou karaki, 2009a, b; Closson et al., 2010a, b; Bathymetric contours (Hall, 1997) allow identification of deep and wide submarine canyons that could result from the erosion contemporary to a near complete drying up of the Dead Sea (Neev and Emery, 1967) . Topographic contour lines of -395m and -422m correspond respectively to the shoreline in 1963 and in 2009. The first four are briefly summarized below. The fifth is hypothetical and had not yet been taken into consideration. The latest point had been tackled in Closson et al. (2007) .
Current rates of deformation
2.2.1
The horizontal strike-slip movement of the JDST and the subsidence of the pullapart basin The modern slip rate is still under debate. Geological observations, however (mostly south of 33°N) suggest nearly pure left-lateral strike-slip faulting and estimated slip rates range between 1 and 20 mm/yr with preferred values around 5 to 7 mm/yr (Freund et al., 1968; Garfunkel et al., 1981; Gardosh et al., 1990; Ginat et al., 1998; Klinger et al., 2000; Niemi et al., 2001; Pe'eri et al., 2002; Ferry et al., 2007) . The central part of the JDST is an active fault zone. The historical and instrumental seismicity data suggest that it has generated magnitude 7 (magnitude equivalent) or even larger earthquakes, approximately once every few hundred years. In the XX century, three well documented instrumental earthquakes 5 <M< 6 occurred in or very close to the Dead Sea proper in 1956 , 1979 (Figure 1, focal mechanism), and 2004 (Abou Karaki, 1987 . The distribution of late Pleistocene subsidence in the central Dead Sea Basin is controlled by the local tectonic regime. The normal border faults show a maximum subsidence rate of 0.3 mm/yr of the rim or median block. This block extends basinward up to about 2.5 km where an oblique fault related to the strike-slip segment causes a 0.6 mm/yr subsidence (Bartov and Sagy, 2004) . Bartov et al. (2006) postulated a long-term uplift rate of 2 mm/yr, based on the depth of the Pliocene salt (>3500 m). The Holocene dome structure indicates ongoing deformation. The center and margins of the dome are undergoing different geomorphologic process. Channels deeply incised the margins but no significant incision is found in the central area.
Lisan diapir uplift and subsidence
The upper member of the Lisan Formation is truncated due a transgressive episode of the lake during the Holocene. It occurred ~6000 years B.P. and reached of -370 m. deduced that the dome raised and passed over the elevation of -370 m. Taking the present datum of the truncated top of the structure (-315 m) as a marker, the dome was raised 55 m during the last ~6000 years. This indicates an average uplift rate of 9 mm/yr. From interferometric processing applied to 16 ERS scenes with the JPL Sar processor, Baer et al. (2002) observed that "change interferograms show no sign of uplift in the southern or central domes where the diapir is closest to the surface. Possible evidence for uplift is seen in the northern part of the peninsula. Here, 10 mm and 20 mm of uplift are observed in the 22-and 50-month interferograms, respectively, suggesting an average uplift rate of 4-5 mm/yr". However, Shimoni et al. (2002) published a cumulated 93 months vertical deformation map from different profiles (11-Jun-92 to 21-Mar-99) where two uplift areas characterized by a maximum of 30 mm (4 mm/yr) had been delineated. Subsidence zones were also located north and south of the Lisan with value of 150 mm (22 mm/yr). Here, the DORIS software was used to process a dataset of 17 ERS scenes. 
Material and methods
Satellite images and software
Radar interfrometry techniques
Radar interfrometry techniques exploit the phase information of the signal emitted and received by a sensor onboard a satellite to generate digital surface models (Interferometric Synthetic Aperture Radar or InSAR technique) and/or ground motion images (Differential InSAR or DInSAR technique). These techniques have been successfully used for years to study the topsoil deformations in the Dead Sea area (e.g. Derauw 1999 , Baer et al. 2002 , Shimoni et al. 2002 , closson et al., 2010 . However, practically all published results were obtained from the processing of ERS-1 and ERS-2 satellite data. In this work we exploit the images acquired from the following sensors: ERS AMI-SAR, ENVISAT ASAR (both characterized by C-band, wavelength = 5.6 cm), and ALOS PALSAR which uses L-band (wavelength = 23.62 cm). Table 2 brings an overview of the sensors and their satellites. The principle of the InSAR and DInSAR techniques is briefly summarized. Two images acquired from the same orbit but at different time (46 days apart for ALOS and 35 days for ERS and ENVISAT - Table 2 ), and with a similar incidence angle are necessary to generate an interferogram (image of the phase difference).
As an example, Figure 5 displays the principle of InSAR for digital surface model generation. In T 0 , a radar antenna onboard a satellite acquires one image of a point P at the ground surface. The measure of the distance MP leads to the phase Ф M . In T 1 , the same or a twin satellite passes over the area of interest but not exactly at the same position. The measure of the distance SP leads to the phase Ф S . The InSAR techniques exploit the phase difference (ΔФ INT = Ф S -Ф M ) which is related to the distance (SP -MP). Considering a single pixel footprint: Table 2 . List of some parameters allowing a comparison between sensors used in this work. Among others, ΔФ INT gathers information about the topography ("topographic fringes"). An analogy can be done between the "fringes" that appear over an interferogram and the surface between two contours of a topographic map. In the same way, the "altitude of ambiguity" of an interferogram is similar to the contour interval. The sensitivity to the topography of an interferogram ("altitude of ambiguity") depends on the relative position of the two sensors (distance MS). Among others, it depends on the "perpendicular" baseline parameter. The value of the "altitude of ambiguity" increases drastically when the distance of the perpendicular baseline tends to zero. An interferogram generated from two acquisitions having a very short perpendicular baseline will present only a few "topographic fringes". In other words, a short perpendicular baseline means an interferogram equivalent to a topographic map with a few contours and a large contour interval. Therefore, if a concentration of fringes is observed over such an interferogram, then ground displacements are suspected. Conversely, when the perpendicular baseline increases, the "altitude of ambiguity" decreases so that the interfrogram will reveal the most subtle topographic variations of the ground surface. A limitation exists for the length of the "perpendicular baseline". Indeed, the more the perpendicular baseline increases, the more the image of point P ( Figure 5 ) will differ so that it become impossible to coregistrate the two acquisitions and compute the phase difference. Table 2 gives the maximum perpendicular baseline allowed (in theory). The more the temporal baseline increases, the more the possibility of ground movements increases. Surface displacements happen for various reasons (e.g. water or oil extraction lead to subsidence while volcanoes inflation leads to uplift). In this case, ΔФ INT gathers information about the topography and ground movements ("displacement fringes") that have occurred between the two acquisitions. Figure 6 displays the principle of DInSAR for deformation measurement: a subsidence occurred between the two acquisitions and the point P dropped to the position P'. Table 3 . Spatial and temporal baselines of 6 ERS images acquired in ascending mode. Grey cells are discussed in the text.
The pairs 10/11-Oct-97 and 15/16-Dec-95 have been acquired at one day apart, when the ERS 1 and 2 satellites were orbiting together. Because of this short delay, the scatters on the ground are generally not disturbed (no displacement such as displayed on Figure 5 ) and thus allow an accurate measurement. The baselines are wide (369 m and 334 m) allowing a detailed description of the topography. One pair is characterized by a very short baseline:
www.intechopen.com 30-Jun-93 and 16-Dec-95 = 5 m. In this case, the interferogram displays essentially ground displacements over a period of 899 days (if they exist). Figure 7 displays a digital surface model realized by applying InSAR techniques to a "tandem" pair of ERS images acquired in ascending mode 15/16-Dec-95. The perpendicular baseline is quite high with 334 m leading to an "altitude of ambiguity" of 31.5 m. No atmospheric artifact has been found on this pair (Derauw 1999) . Water surfaces have been masked with data deriving from an acquisition of 2009. As the Dead Sea level is dropping at a rate of about 1 m/yr, the mask does not fit exactly with the water surface of December 1995. The disturbed zone along the shore corresponds to the surface that appeared between 1995 and 2009. West of the Lisan, the external limit of a major saltpan is represented by a black line. Spatial Analyst tools dedicated to surface and hydrological available in ESRI ArcGIS have been used to extract features such as contours, curvature, slopes, orientations, drainage pattern, watersheds… They allowed a better description and understanding of the geomorphology. The model presented on Figure 7 shows 4 different zones:
Results
Digital surface model of the Lisan and features extraction
• A relatively high land area corresponding to the former peninsula which is an undulated to flat plain with isolated hills (dark to light brown -coord. 734-3462); • The badlands characterized by steep slopes and deep canyons occurs mainly in the southern part and along the periphery of the high land zone (yellow -734-3459); • The low lands occupy the eastern part of the Lisan (yellow-light green -738-3464); • The wave-cut platform surrounding the former peninsula in the west, north and northeastern sides (green -734-3466). The regional drainage pattern is radial, locally it can be dendritic or parallel such as in the southern and western parts. In all cases the talwegs network reflects the local weakness zones related either to the salt rising or the strike-slip fault displacement. Visual extraction of linear features had been carried out by using a large panel of color palettes emphasing specific topographic contrasts. The accuracy of the digital surface model is given by the image of the interferometric phase coherence (measure the similarity between the two scenes backscattering) associated with the curve of the theoretical standard deviations of the elevations. Figure 8 presents a standard deviation map based on the coherence image. A quarter of the full scene is represented. Because the estimator of the standard deviations is only valid for the higher coherence values, the computation had been done for the coherence values upper than 0.5. The histogram of the standard deviations shows that the theoretical average accuracy over the scene is about one meter. (Derauw, 1999; Closson 2005b 
Ground displacements
It is impossible to present the whole interferograms that have been computed in this research. As an example, Table 3 shows 15 possible combinations but only 10 are able to bring valuable information. Indeed, four cases lead to a total decorrelation in the interferogram. They are the combibations characterized by the spatial baseline of 547 m and the temporal baseline of 2159, 1564 and 1563 days. Among the whole combinations of the dataset presented in Table 2 , a selection of four relevant unwrapped and geocoded interferogram is presented (Figures 9-12) . Each case presented in Table 4 Table 4 . Characteristics of the various interferograms that can be generated from the available dataset. This table is helpful when comparing results. Figure 9 shows an interferogram computed from two ALOS Palsar scenes acquired the 02-Feb-08 and the 19-Mar-08, i.e. 46 days apart. The normal baseline is 110 m leading to an altitude of ambiguity of 582 m. The Lisan peninsula is only covered by 1/6 of topographic fringe. The wavelength is 23.6 cm (L-band), therefore one fringe cycle will represent a displacement in the line of sigh of 118 mm, about four times more than in the case of ERS. A total decorrelation (dark purple color) occurred over the high land area (e.g. from 734-3460 to 737-3466) and over the farming zones east of the peninsula (from 739-3461 to 741-3466). The decorrelation over the high land is caused by the very low backscattering of the surface. The smooth (relatively to the wavelength) surface acts as specular reflectors and do not reflect much signal back to the radar. By comparison with Figure 11 , practically no decorrelation occurred in the Lynch Strait, at the exception of the surfaces covered by water (727-3457). Strong subsidences are found in:
Deformation fields with small spatial baseline and short temporal baseline -ALOS data
• 728/729-3460/3461, very close to the dike of the major saltpan occupying the western wave-cut platform of the Lisan; • 730-3468, the delta of wadi Araba which is always aggrading due to the lake level lowering; • and e.g. in 739-3470, the recently emerged shoreline constitute a ribbon of subsidence buffering the northern Lisan. (Table 1 ). The cycle of spectrum color palette corresponding to one fringe indicate that surface displacements occurred all over the peninsula (see Figure 13 for • 737-3472, 738-3472, 736-3461, 737-346, 735.5-3459, 734.5-3458, 737-3458 correspond to seven kilometric shallow subsidence areas; • the noisy surfaces (dark blue), mainly east and west of the peninsula, correspond either to agricultural crops in the graben of Mazra'a -Ghor Al Haditha or to soil moisture, especially in the southern Lynch Strait area. It is also suspected that in several other zones, decorrelation is related to ground displacements whose amplitude is too important to be detected in C-band. Figure 11 shows a differential interferogram computed for the period 23-Mar-08 to 27-Apr-08. It extends the period of observation of Figure 9 (02-Feb-08 to 19-Mar-08) but in C-band rather than in L-band. Table 2 indicates that the fringes' rate of Envisat/ERS interferograms are four times greater than the one of ALOS and the general accuracy is 1.6 times less for ALOS too. The normal baseline is 342 m and the altitude of ambiguity 19 m. The topographic phase component had been retrieved from the interferogram with the SRTM data (digital surface model acquired in February 2000) . Therefore, the coastal area that appeared between 2000 and 2008 (about 8 m of bathymetric elevation) does not present correct values. As expected, the deformation fields displayed on Figure 11 are in agreement with ones of Figure 9 . It is worth noting that the loss of coherence is more important for ALOS than for ENVISAT because of the sensitivity of L-band to the roughness of the ground of the Lisan. Figure 12 shows an interferogram spanning over about 3.5 years. The deformations information recorded on Figure 10 are thus included here and fill out with data covering the period not included in Figure 10 . The coherence decreased in many places due to the industrial activities over the wave-cut platform. A large part of the northern peninsula had been used as quarries during the period of observation. The zones of interest are located in: 
Deformation fields with large spatial baseline and short temporal baseline -ENVISAT data
Deformation fields with large spatial baseline and large temporal baseline -ERS data
•
Discussion
The knowledge gained from the differential interferogram analysis are the rates of vertical displacements, the location of uplifted and subsidence areas, their spatial extension and evolution through the period of observation. The investigation is done by comparing time series of interferograms and of cross sections such as illustrated in Figure 13 . Six cross sections through the interferogram displayed on Figure 10 have been drawn together with their projection over a hillshaded view of the digital surface model displayed in Figure 7 . Due to the limited spatial extent of the Lisan area it was not possible to define a reference point far away from the salt diapir which could be considered as a zero phase value for the phase unwrapping process. In consequence, to make comparable the phase variations both in space and time within the Lisan area we have considered arbitrarily the reference sites at www.intechopen.com each starting point of the cross sections for which the observed deformation is assumed to be minimal over the studied period. To avoid this problem, one strategy -not realized in this work -consists to create a reference phase value for each starting point by averaging the unwrapped phase values from the surrounding pixels. This minimal deformation phase value is then used as a common reference for the whole time series of unwrapped interferograms. By this process, the resulting field deformation maps give a relative measure of the ground displacement with respect to this fixed reference point.
Vertical movements affecting the northern Lisan wave cut platform in relation with the Dead Sea level lowering
The interferograms computed with the image dataset (Table 1 ) have shown two distinct kilometric areas of subsidence affecting the edge of the northern Lisan wave cut platform. The most extended one is sinking northwestward, the second northeastward (see cross sections 1 and 2, Figure 13 ). A hectometric sill where ground movements are less important separates them. The location of this sill and of lineaments over the wave cut platform suggested that a major fault N-S oriented crosses this zone Closson et al., 2005) . Cross sections 1 and 2 bring knowledge of the vertical movements (X-scale bar is expressed in pixels while Y-scale bar is in meter). The pixel size of the interferogram is 20 meters and the cross sections are nearly similar in length. Cross section 1 indicates that pixel n°31 has been lowered by about 20 mm compared to pixel n°1 between 29-Jul-95 and 14-Jul-96. In the same way, cross section 2 informs that pixel n°35 dropped by 14 mm compared to pixel n°1. Subsidence in area 1 was more active than subsidence zone 2 during this period of 350 days.
Other measurements have confirmed that the northern part of the wave-cut platform was in strong subsidence during the 1990s. For example, based on the interferogram displayed on Figure 12 , subsidence measurements of 71 mm (area 1) and 70 mm (area 2) were recorded over a period of 1261 days (from 12-Dec-95 to 29-May-99) leading to a rate of 20 mm/year in both areas. It is worth to be mentioned that during the 1990s, the Arab Potash Company built two major salt evaporation ponds (USD 70M) all along the western Lisan wave cut platform in order to meet its increasing fertilizer production needs. The northernmost unit was destroyed in March 2000 during filling operation. About 1650 m of earthen dike disappeared during the rapid emptying of 55 million cubic meters of Dead Sea brine (Figure 14) . The fact is that the place where the dike started to break up is precisely at the location where a maximum of subsidence was recorded (e.g. during the period 29-Jul-95 to 14-Jul-96, see Figure 13 -cross section 1). Fieldwork conducted between 2004 and 2009 in this area have clearly shown that in tens of places the remaining dike is fissuring at an increasing rate. Some flanks of the dikes have also slid, proving the existence of significant ground motions during the present decade since rainfall is a marginal phenomena. In 2010, the southern saltpan still exists. Its external limit had been reproduced on Figure 2 (saltpan, coord. 732-3465). It had been repaired during five years (USD 16M), between 2001 and 2006, and is under continuous surveillance. Fieldwork revealed that sinkholes pierced the earthen dike and the bottom of this saltpan ). In some places, engineers tripled the wide of hectometric dike segments to increase the safety factor… In the area of cross section 2, consolidation and drainage work have been realized at the end of the 1990s until the day of the saltpan destruction. They are still visible in 2010 and attest of the difficulties encountered to stabilize the salt evaporation pond.
Long term and short term measurements carried out with ALOS and ENVISAT data (Table  1 ) support field observations and above all show a drastic increase in the rate of subsidence by comparison with the rates recorded in the 1990s. For example, Figure 14 presents the result of a cross section in area 1. The rate of subsidence is four times greater than the one observed e.g. by Baer et al. (2002) In general, the rates of subsidence in area 1 and 2 are quite important but area 1 seems a more active than area 2. This could explain why the dike collapsed in the area 1 in place of area 2. The ground displacement observed are localized along coastal zones recently emerged. There, ground-water lowers following the Dead Sea level drop (Closson et al., 2007) . As a consequence, salty-marls/argile compaction phenomena occur and trigger land subsidence (Baer et al., 2002) . Differential land subsidence produced extensive areas of earth fissures which affect earthen dikes of the Arab Potash Company. Other effects include an increased landslide hazards ). Shimoni et al. (2002) , and Closson (2005b) have shown that the northern subsidence areas are also at the periphery of rising sub-domes (e.g. cross section 3). This geographical proximity suggested a possible connection between the two phenomena. However this assumption is not supported by the drastic increase in the subsidence rates revealed by ALOS and ENVISAT data in 2008. The increasing rate of subsidence is following a similar trend in the rate of sinkholes proliferation (Closson et al., 2010) which is connected with the Dead Sea level lowering.
Uplifts and subsidence in relation with the Lisan salt diapir
Cross sections 3-6 (Figure 13 ) illustrate the surface displacements caused by differential rising rates in the central and southern Lisan. Cross section 3 characterizes a sub-dome rising at a rate of 13 mm/year for the period of observation. It is representative of four subdomes existing in this area (see locations on Figure 10 : 735-3466, 736-3468, 736-3469, and 737-3470) . At the opposite, cross section 4 and 5 characterize subsidence linear and curvilinear structural features. Cross section 4 focuses on a linear zone oriented N-S presenting a subsidence of 14 mm/year at the intersection with another linear structure oriented E-W. The minima areas such as the one discussed here are generally surrounded by several rising sub-domes (e.g. Figure 10 : yellow spots surrounding blue/cyan spots in 736/737-3461).
Cross section 5 concerns a wide sub-dome in the southern Lisan (Figure 15 , inset). Figure 10 . They correspond relatively to uplifts (U) and subsidence (S). Subsidence appears at the synclinal area between the flanks of the folds. They attest that this dome is active. Cross section 6 (Figure 13 ) brings an overview of the displacement through the Lisan. At least, it illustrates the great complexity of movements affecting the sub-domes of the Lisan diapir structure. In terms of ground displacements, the surface of the salt dome can be compared as a bubbling surface. It is particularly obvious over Figure 10 while Figure 9 shows less evidence of surface displacements. When comparing displacement fields of Figure 11 and 12, one can observe respectively that the northern Lisan is uplifted over a very short period of time (35 days) and the southwestern part records most of the rise during a period of 1261 days. The variations of speeds are important in space and time. It supports the idea that the Lisan diapir uplift is episodic and not monotonous. This observation was already mentioned by Shimoni et al. (2002) 
Summary and conclusions
The problem of the measurement of ground displacements caused by the rising of a salt diapir in the region of the Lisan, Dead Sea, Jordan had been tackled by applying radar interferometry techniques to 27 satellite images acquired in 1992-1999 and 2007-2008 . Baer et al. (2002) and Shimoni et al. (2002) 
